The Physics of Chromo spheric Plasmas 
ASP Conference Series, Vol. 368, 2007 
Petr Heinzel, Ivan Dorotovic and Robert J. Rutten, eds. 



Non-LTE Analysis of Lyman-Line Observations of a 
Filament with SUMER 



P. Schwartz 1 , B. Schmieder 2 and P. Heinzel 1 

1 Astronomical Institute AS, Ondfejov, Czech Republic 

2 Observatoire de Paris, Section Meudon, LESIA, Meudon, France 

Abstract. We present non-LTE diagnostics of the filament observed by 
SOHO/SUMER on May 27, 2005 in the whole Lyman series. The filament 
was situated close to the disk center. The La observations were carried out 
with normal voltage of detector A. The slit was placed at the central part of the 
detector - outside the La attenuator. Therefore, the observed profiles of this 
line could be calibrated reliably. 



1. Introduction 



In previous works ( Schwartz et al.ll2006al lbl) we made the non-LTE modeling of 



the profiles of L/3 and higher hydrogen Lyman lines observed in EUV filaments 
by SoHO/SUMER on October 15, 1999 and May 5, 2000. For the latter EUV 
fil ament we had a l so obs ervations of the Ha profiles from THEMIS/MSDP. 
In ISchwartz et al.1 (|2006al 1 it was found that estimates the of temperature in 
the filament interior need not be reliable if there are temperatures lower than 
10 000 K in the filament interior and rather hot PCTRs (prominence-corona 
transition regions) with temperatures above 20 000 K at the same time. These 
problems occur especially for the Ha filaments. This problem can be solved 
by constraining the models with the profile of the Ha line that is n ot sensitive 
to the high temperature plasma of PCTRs ( Schwartz et al.l l2006bl ) . Therefore 



its shape represent well the temperature structure of the cool filament interior. 
However, the problem is to find suitable Ha observations with the same position 
of the slit and made at the same time, as the SoHO/SUMER observations. The 
optically thick cores of the Lyman lines are formed in the top PCTRs while 
the optically thick parts of the wings are formed deeper. Wavelength intervals 
where the profiles of L/5 and higher Lyman lines are optically thick, are small 
(~ ±0.2A or even smaller). Outside these interval the filament is transparent. 
Therefore the wings of these lines do not map the temperature structure of 
filament much deeper then the top PCTR. The profile of the La line could be 
much more sensitive to the cooler hydrogen plasma deeper in the filament than 
higher Lyman lines. Its is because of the wide wavelength interval (~ ±0.3- 
1.4A or even larger) of the optically thick part of the profile, possibly spreading 
far into the wings. 

In this work we are modeling profiles of the Lyman lines, Lyman contin- 
uum and Ha line ob served in the Ha filament using the ID-slab non-LTE model 
( Heinzel et al.|[l997l ). As the results of a such diagnostics we obtain the temper- 



atures, the gas pressure, plasma densities, ionization degree etc. 



359 



360 



Schwartz et al. 





Figure 1. CDS observations of the EUV filament in the Mg X 624.94 A line 
are shown in the left panel. In the right panel the slit-jaw of Ha observa- 
tions of HSFA2 spectrograph are shown. The slit-jaw is co-aligned with the 
CDS observations of the He 1 584 A line represented by contours. The inclined 
hair crossed perpendicularly with two other hairs shows the position of the 
spectrograph slit during the observations of the Ha line. Vertical bar in both 
panels shows the position of the SUMER slit during the observations of the 
Lyman line series. Full-line part of the bar marks working part of the SUMER 
detector A. 



2. Observations 



A filament close to the solar disk (/i=0.9) was observed on May 27, 2005 (dur- 
ing the 15th MEDOC observing ca mpaign), in EUV spec tral lines by the CDS 
(Coronal Diagnostic Spectrometer) ( Harrison et al.1 Il995l) and SUME R (Solar 
Ultraviolet Measurements of Emitted radiation) (IWilhelm et ah 1995) both on- 
-board of SoHO (Solar and Heliospheric Observatory) and in the Ha line by 
HSFA2 multicamera spectrograph at Ondfejov observatory. The SUMER ob- 
servations of the filaments and prominences during this observing campaign are 
unique because the La line was placed on the bare part of the detector A (outside 
the attenuator) for the first time during any filament /prominence observations 
and thus it was possible to make a reliable calibration of the observed La profiles. 

Observations with CDS and SUMER were carried out between 17:14 and 
18:07 UT. CDS observed the EUV filament in three coronal EUV 
lines MgX624.94A, CaX557.77A and MgIX368.07A, two transition-region 
EUV lines OV 629.73 A and Ne VI 562.80 A and one chromospheric line 
He 1 584.33 A. 

Position of the center of CDS rasters is 248 ", —67" (S 5 W 15 in Carrington 
coordinates) and their dimensions are 244 "x 240". CDS observations in the 
MgX 624.94 A line are shown in the left panel of Fig. [TJ 

The Ha observations were carried out with the HSFA2 multicamera spec- 
trograph of the Ondfejov observatory at 7:14 UT. The slit-jaw co-aligned with 
the CDS observations is shown in right panel of Fig. [TJ The slit positions of 
HSFA2 and SUMER spectrographs are crossing the filament in different direc- 
tions and the times of observations of HSFA2 and SoHO differs. However, since 



Non-LTE Analysis of Filament Lyman Lines 
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Figure 2. Spectra of the hydrogen Lyman lines La - L9 plus Lyman con- 
tinuum observed by SUMER with detector A. The slit was positioned across 
the EUV filament as it is shown in the left panel of Fig. [TJ Only 59 " of the 
spectra were obtained because only a part of the detector was working. 



the filament seemed to be rather stable and compact, the HSFA2 observations 
of Ha could be used as additional data in our non-LTE modeling. 

SUMER observed the EUV filament in a wide wavelength range so that the 
whole hydrogen Lyman line series is present. The spectra of Lyman lines La - 
L9 plus Lyman continuum are shown in Fig. [2] We do not use the lines L10 and 
Lll because with a 12-level model hydrogen atom our calculated populations 
of levels 11 and 12 are rather unprecise. Position of the SUMER slit during 
observation of the Lyman series is shown in Fig. [2j Only a part of the detector 
A was working therefore we obtained spectra from this part of the slit only 
(marked by full-line part of vertical bar in both panels of Fig. [1]) . This part of 
the slit is crossing almost only the darkest part of the EUV filament - the Ha 
filament. 



3. Non-LTE Model of the Filament 



A fil ament is approximated by the ID horizontal isobaric slab (|Heinzel et al 



1997) with temperature symmetrically decreasing from PCTRs to the interior 
The radiative transfer is solved using MALI method (jHeinzell Il995l ; iPaletou 



19951 ) and a 12-level model of the h y drogen atom. We used x z minimization 



method proposed in ISchwartz et al.l ( 2006al ) for fitting the observed profiles 
with synthetic ones. For reconstruction of Lyman line profiles emitted from 
beneath the filament (b ackground irradiation) we used the method developed in 
Schwartz et al.l ( 2006al ) - the profiles of the background irradiation are identical 
with profiles from the filament in the optically thin wings. The optically thick 
co res of L/3 - L9 lines w ere reconstructed using the quiet-Sun profiles published 
bv lWarren et al. ( 19981 ). For La line the average profiles from the quiet-Sun ob- 
servations carried out on April 14, 2005 between 13:26 and 14:26 UT were used 
( Dammasch 2006). During these observations the raster scan in the quiet-Sun 
area was made and the La line was placed at various positions on the bare part of 
the detector A. There was a problem with the reconstruction of the background- 
-irradiation profiles of the La line because the width of the wavelength interval 
of optically thick central part of its profile is much more sensitive to optical 
thickness in the line center than it is for higher Lyman lines. Therefore only 
those optically thick parts of profiles of this line were modeled which transmit 
no radiation from below the filament. 
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4. Results and Conclusions 



W e obtained simila r plas ma p roperties as for other tw o Ha filaments studied 



m 



Schmieder et al.l ( 2003! ) and ISchwartz et all ( 2006a! ) - temperatures around 



6 000K and 20 000 K in the filament interior and PCTRs, respectively. PCTRs 
both occupy less than 30 % of the geometrical thickness of the filament, plasma 
densities are 10 -14 - 10 _13 gcm -3 , electron densities around 10 10 cm -3 and the 
hydrogen ionization degree is lower than 0.5 in the filament interior. Only the 
estimated gas pressure ~0.4dyncm -2 is about 3 times lower than that estimated 
for two other filaments. 

We compared results of our modeling when fitting profiles of the whole Ly- 
man series plus Lyman continuum without Ha and results obtained with the 
Ha line but without La and found similar plasma properties in both cases. 
But when fitting only Lyman lines without La the temperatures in the fila- 
ment interior were underestimated. From our analy sis of the dependenc e of the 
contribution function (computed using Eq. (13) of iHeinzel et al.ll2005f ) on the 
geometrical depth we found that the core of the Lyman lines is formed at the top 
of PCTR, in contrast with the Ha line profile that is formed almost completely 
in the cool interior. However, due to large optical thickness of La, its near 
wings are formed in cool parts of the Ha filament and this helps to determine 
the temperature of the filament interior. Using the Ha line gives a similar result. 
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